Left heart catheterization is proving of increasing importance in the study of a variety of congenital and acquired cardiovascular defects. More than 500 left heart catheterizations have been performed by the transbronchial method without death or serious sequelae. This technic and its usefulness in clinical investigation and in the assessment of valvular heart disease are described.
T HE development and application of technics for catheterization of the left side of the heart are proving of increasing importance in the study of patients with many types of cardiovascular disease. Two methods of left atrial puncture are commonly employed. The transbronchial method, devised by Allison and Linden' 2 and Facquet et al.3 and the posterior percutaneous route employed first by Bjork et al. 4 Since 1953 more than 500 transbronchial left heart catheterizations have been performed at the National Heart Institute where the technic has been extended to permit the passage of a catheter into the left ventricle. The present report summarizes our experience with the method and the details of technic and inistrumentation that have evolved.
ANATOMIC CONSIDERATIONS
When the left atrium is of normal size, as in many forms of congenital heart disease and in most patients with isolated aortic valve disease, it lies below and anterior to the carina and main bronchi. The space between the carina and left atrium is occupied only by mediastinal fat and areolar tissue. Irrespective of the degree of left atrial enlargement, the portion of the atrium adjacent to the left bronchus is, in most instances, extrapericardial. The anatomic relations of the normal-sized left atrium to the bronchial tree are shown in figure 1 . As the left atrium enlarges, as in mitral valvular disease, it extends in a posterior and superior direction and may come in contact with or even elevate and compress the left main bronchus. The
From the Clinic of Surgery, National Heart Institute, Bethesda, Md. altered relationships of the left atrium to the bronchi in mitral valve disease are illustrated in figure 2.
EQUIPMENT AND INSTRUMENTATION A standard 7-or 8-mm. bronchoscope is used in adult patients. The transbronchial needle will pass through a 5-mm. full-lumen bronchoscope and an instrument of this size is used in children.
The needle used for bronchoscopic catheterization is illustrated schematically in figure 3.* It consists of an outer tube of stainless steel tubing 4.5 mm. in outside diameter and 50 cm. long, which divides proximally into 2 limbs, each fitted with a female Luer connector. The needle itself is constructed of 17-gage stainless steel tubing and a sleeve 6 cm. from its tip threads into the distal end of the outer tube.
The needle point is ground to a 450 bevel and the edges are carefully smoothed to prevent the catheter from being caught or cut. The portion of the needle projecting from the outer tube represents the effective penetrating length of the needle. A safety collar is soldered to the needle just distal to its connection with the outer tube. The remainder of the needle, when assembled, lies inside the outer tube and its proximal end terminates in a funnel-shaped tip that lies within the upper Luer connector of the outer tube. Holes are placed at intervals along the portion of the needle within the outer tube to permit the evacuation of all air from the space between the outer tube and needle and to allow the transmission of pressure pulses from the needle tip to the outer tube.
Prior 
PROCEDURE
The patient is prepared for the procedure by fasting for 6 hours. Intramuscular penicillin is given the evening before the catheterization and injections are repeated the following 2 mornings. Demerol, scopolamine, and an oral barbiturate are given 40 to 60 minutes beforehand. The larynx and trachea are anesthetized by the injection of 3 ml. of 1 per cent tetracaine hydrochloride (Pontocaine) through the cricothvroid membrane. Additional anesthetic is then sprayed into the hypopharynx. Electrocardiographic electrodes and a phonocardiograph microphone are attached to the patient.
All air is expelled by flushing the needle and outer tube with 30 to 40 ml. of sterile heparinized saline solution injected through the stopcock. The assembly is then clamped with the fluid-filled needle horizontal and in communication with the transducer. The transducer is then balanced. A convenient sensitivity setting has been found to be 2 mm. of paper deflection per mm. Hg pressure.
The bronchoscope is introduced, advanced to the carina, and additional Pontocaine is sprayed into the first portion of the left bronchus. In most instances a point on the anterior wall of the left bronchus 1 to 2 cm. from the carina is selected for puncture. If the left atrium is of normal size, a conscious effort must be made to direct the needle as far anteriorly as possible. This is facilitated by rotation of the bronchoscope so that its bevel lies posteriorly. The saline filled needle is then introduced into the bronchoscope, the transducer serving as a convenient handle. A zero or baseline pressure tracing is recorded before the needle pierces the bronchial mucosa and while it is in the axis of its eventual penetration. This baseline remains valid if the angle of the needle to the horizontal remains unchanged. The needle is then inserted through the bronchus for its full length and its entry into the left atrium can usually be felt as a sudden lessening of resistance. After left atrial pressure has been recorded via the needle, the catheter is filled with heparinized saline and its tip held at the level of the midaxillarv line where the zero or baseline pressure is recorded. The catheter is handled bV a gloved assistant to maintain sterilitv. The needle plug is then removed by the endoscopist and the assistant passes the catheter into the proximal end of the needle. The catheter is advanced by the assistant for about 50 cm. and it is then handled by the ungloved endoscopist. Thus, the portion of the catheter that enters the heart remains sterile. The pressure at the catheter tip is monitored byr an oscilloscope, the face of which is visible to the endoscopist. The catheter is slowly advanced into the atrium and occasionally irrigated with saline.
When the mitral leaflets are mobile their movement can often be felt on the catheter tip just before it enters the ventricle. The entrance of the catheter into the ventricle is signaled by a change in the oscilloscopic tracing from an atrial to a ventricular pressure pulse. A record of ventricular pressure is made and recording is continued as the catheter tip is slowly withdrawn into the left atrium. Catheterization of the ventricle and pull-out tracings are usually repeated several times after which the catheter is withdrawn, the needle plug reinserted, and the needle removed. The puncture site is inspected, residual mucus and blood aspirated, and the bronchoscope withdrawn.
Ordinarily, no difficulty is encountered in passing the catheter across the mitral valve. An 
RESULTS
Transbronchial puncture of the left atrium has been performed more than 500 times in patients with congenital or acquired heart disease. The procedure was also carried out in 15 patients with normal hearts undergoing bronchoscopy for other reasons. In 4 patients abnormalities of the mouth or jaw prevented introduction of the bronchoscope. In an occasional patient with a left atrium of normal size the puncture was unsuccessful. There were no deaths in the series. There have been no instances of infection, pneumothorax, mediastinal emphysema, or pericardial tamponade. In many patients the sputum was blood-streaked for several hours following the procedure but there was never significant hemoptysis. No difficulty has been encountered with withdrawal of the catheter through the needle and the catheter was never cut. In some of the patients undergoing operation after the procedure the pericardial fluid was found to be xanthochromic or blood-stained. In none of these was the pericardial fluid increased in quantity or under pressure. The bronchoscopy and catheterization can usually be completed in 5 Among these have been: (1) the determination of the sequence of ventricular contraction in bundle-branch block6 (fig. 4) ; (2) the study of pressure-volume relationships in the left atrium7 and left ventricle8; (3) the influence of increased central blood volume on left heart filling pressures; (4) the effect of acutely increased peripheral resistance on the left atrial pressure contour in mitral valve disease9; (5) indicator dilution curves with left heart injection in the precise localization of left-to-right shunts and the detection of mitral and aortic insufficiency'0 ( fig. 5) .
The second area of usefulness has been the clinical evaluation of patients with valvular heart disease. Attention has been focused upon: (1) 
DIscussIoN
Perhaps the most essential requirement for successful transbronchial left heart catheterization is the participation of an experienced bronchoscopist. Good topical anesthesia and a smooth introduction of the instrument are mandatory. The procedure has been carried out even in severely ill patients when careful attention has been directed to their general preparation and the timing and dosage of preanesthetic drugs. The presence of severe tachycardia or frequent ventricular extrasystoles has usually constituted a contraindication to the procedure. The method lends itself well to serial studies in the same patient. Numerous patients have been catheterized 3 or more times and 1 individual has had 7 transbronchial left heart catheterizations.
When the decision is made to employ any procedure extensively in clinical investigation first consideration must be given to its safety. In this regard, some comparison of the transbronchial and percutaneous methods of left heart catheterization would seem in order. Although we have not employed percutaneous puncture of the left atrium, that method has been widely adopted in this country. Bjork and colleagues12 have recently reported their experiences with percutaneous left heart catheterization in 167 patients. Of these, 39 also had angiocardiographic examinations with left heart injections. There was a total of 14 major complications. Of 2 patients who developed cardiac tamponade, 1 died. Cardiotomy was required on 2 occasions for removal of a knotted or cut catheter. Bjork therefore concluded that left heart catheterization should be performed only when the information obtained by the procedure was required in making a decision as to operation. Goldberg13 has performed 450 left heart catheterizations by the percutaneous method. In this series there were 5 deaths. Four patients required cardiotomy for knotted catheters; 5 
